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The Coordination of Transformer Insulation 
with Line Insulation 


BY Vv. M. MONTSINGER? 


Fellow, A.I.E.E. 


T the Toronto Convention of the Institute in June 
A 1930, a paper‘ sponsored by the Transformer Sub- 
committee of the Electrical Machinery Committee 

_ was presented to bring before the membership the status 
of certain. work done by the subcommittee in connection 
-with the coordination of transformer and line insulation. 

Two things of outstanding importance were included 
in this paper: first, a recommended practise of expressing 
the impulse strength of a transformer in terms of the 
-60-cycle dry flashover of suspension insulators, -and 
second, recommendations for coordinating the impulse 
strengths of the transformer and the line insulation. 
These recommendations included either the use of a 
safety gap of known flashover characteristics connected 
in parallel with the transformer, or the reduction of the 
line insulation to a coordinating value for a distance of 
one-half mile from the transformer, or a combination of 
either with a suitable lightning arrester. These recom- 
mendations referred to standard line voltages of 69 kv. 
and above. 

Since the publication of this paper the principle of 
coordination has been widely discussed and it appears 
to have become generally accepted throughout the 
industry. While practise has shown that the coordina- 
‘tion obtained with one-half mile of standardized line 
insulation has been satisfactory, there has been a 
gradual change in favor of the use of an air gap for 
expressing the impulse strength of transformers and for 
coordinating purposes. Certain advantages possessed 
by the air gap have contributed to this change. A gap, 
for example, can be set at any desired level, while a 
string of insulators affords no chance for close adjust- 
ment. The removal of one disk, for instance, from a 
string of eight, causes a change of approximately 1244 
per cent in the-impulse flashover value; the difficulties 
of adjustment are naturally even more pronounced 
with shorter strings. Furthermore, the air gap localizes 
the flashover at a point in the system which can be made 
convenient for maintenance purposes or for the installa- 
tion of lightning arresters. Where reduced line insula- 
tion corresponding to the original recommendations of 
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the Transformer Subcommittee is being used for one- 


half mile out from the transformer bank, it is, of course, 
satisfactory for coordination purposes. | 

The Transformer Subcommittee has recognized the 
advantages of the air gap and it is the purpose of this 
brief progress report to bring to the attention of the 
Institute membership the following revisions which 
have been made in the previous recommendations: 

1. The yard stick used to express the impulse strength 
of a transformer has been changed from the 60-cycle 
flashover value of a given. line insulator to a coordinat- 
ing gap with a given length in inches, as outlined in the 
following paragraphs and the coordinating principle has 
been extended to include rated cireuit voltages as low 
as 15 kv. 


IMPULSE STRENGTH OF TRANSFORMERS 


a. Transformers Receiving Standard Tests as Specified in 
Paragraph 13-400, A.I.E.E. Standards No. 13 
Apparatus conforming with the standards should be 
so designed that their impulse strength against lightning 
is greater than the impulse flashover voltage to earth 
of a coordinating air gap whose spacing® is In accor- 
dance with Table I. . 


TABLE I 
Rated circuit Transformer .60- ; Spacing of 
voltage cycle test voltage - air-gap 
Tey Kv. r.m.s. Inches . 
Pee SG eee ieee ee ee ee ar ee 
WG Seek aud eects eee aac ke Oa: igh Pate e one ease 4:25 
DB = en Psta ds vencucamitoceneuat eoweuahes Es Weha Sua eae oe aS 6.25 
PA eed voeaueus ner hor: Mu HES a BO select es sat beeen 9.25 
4G. tee owiehe tbh e vee OR ee Ot cron acwos a oi deonencuels 12.25 
GS. “thlsa 2 ate @ 04a 50 ES OM” scarey ee nea cei ROE eS 18.75 
oe ete bs Pate attain Sede ESS’, ined ides atanths. gin eee 25.00 
BG” 26s oe eee eet ails (2 te oe ie Boe Bas dee 31 50 
WSS sce igs aie aisdaun earaee DHL “pe er Bie gue ada hie Ot 38.25 
DG "i Rides nee e genes BON ir aaealer as kare 44.50 
NOG Sans. pees ee eee SOS) ) Seinen alive Baw ease ees 54.50 
DoW vie teens eae Ailee atc ap ls ee eves 4OS 00 Sse 


b. Archers Receiving Other Than Standard Test 


For transformers receiving a.test different: from that 
given for the rated circuit voltage in a, the gap spacing 


5. Between the ends of two square- -cornered, square-cut CO-~ 


axial rods not more than one-half inch thick up to 69 kv. circuit 
and not more than three-quarters inch thick for circuits above 69 
kv. and so mounted that the rod overhangs its support at least 
one-half the gap spacing. Also, for circuits above 69 kv. other 
kinds of air gaps with the recommended spacings such as grad- 
‘ng rings on suspension insulators, are satisfactory. 

Ke sae voce used as supports should meet the N.E.M.A- 
N.E.L.A. 60-cyele flashover requirements for the line voltage. 

Continued on pe 
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N ormal Fre requency Arcover Values of Insulators 
as Affected by Size and Humidity 


BY H. A. FREY* - | - and 


Associate, A.I.E.E. © 


INTRODUCTION 


pe covering the electrical characteristics of 
comparable insulators as received from different 
sources are frequently conflicting. A study has 
been made to establish rules whereby such character- 
istics can be estimated from the dimensions of the insu- 
lators with a reasonable degree of certainty. A long 
series of tests has been made covering several months 
with repeated checks upon the same insulator units. 

The variation of dry arcovers due to the influence of 
humidity changes also is considered with. PAD SE 
correction ratios. 


The equipment used for these tests in the High Volt-. 


age Laboratory of the Locke Insulator Corporation at 
Baltimore. consists of three transformers in cascade to 
give 60-cycle voltages up to 1,050,000 r.m.s. Voltages 
less than 350,000 were obtained by using only one of the 
three transformers. shown in the accompanying illus- 
tration. One meter spheres were used as the primary 


Testing EquipMent—HiIGuH-VouLraGi LABORATORY - 


standards for voltmeter calibration for subsequent 
observations. (A.].E.E. Standard 4-53 to 57 inclusive.) 
The laboratory which is fully enclosed, can be kept 
at any desired humidity and temperature above that 
of the outside atmosphere. Special equipment is pro- 
vided for this purpose. Routine tests upon insulators 
during cold weather were made at standard condi- 
tions, 25 deg. cent., (77 deg. fahr.), 65 per cent rela- 
tive humidity; 0.608 in. mercury water vapor pressure. 
(A.J.E.E. Standard 410-100,—150). No air density 
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corrections were made. (Standards 41-60 footnote.) 
Frequent calibrations from the spheres assured that in- 
sulators and sphere gaps, which are nearly equally af- 


' fected by changes in air density, were under the same 


conditions of test. Thus insulator values were auto- 

matically referred to standard air density conditions. 

_ Each recorded flashover measurement is the average 

of at least five successive arcover observations. Con- 
_ siderable variation was frequently noted. | 


TYPICAL OBSERVATION 


Pin type Suspension 
Insulator 35 kv, rating 8-10 x4% 
Total number Observations. .....<.566-0.208 SSO! EME a arto. 10.0 
Minimum voltmeter reading............... LOB SOE vers, Gis eee 255.0 
Maximum voltmeter reading.............. MDA Obs 4k Ba 276.0 
Average voltmeter reading................ LOSO! ee oo eters 271.0 — 
PCP CERNE Variation 16 .0c5 os hs fad oe e ip ae a AOS: 2s ea 8:2 
ATCOVeY Value, JGlOVOIS 4. o6 056 chen cena PUE.O 428.0 
Approximate transformer ratio............. 1000: tov. Sse 500 to 1 
Barometer, inchessmercury:. 2... ace: es we ees SOs tween 8 30.01 
‘EMD ETACULEy CEU DUL Osis bale Pecos an 5 Re CBs OAT aye one eat 80.0 
Temperature, wet bulb............. ee tds ee GSiitanee> vissddener 68.0 


_—————— 


Waiter VADOr DLeSSUlOs «3 sos oad enw a 0.572 etc) ODDO 


Suspawstots INSULATORS 


Tests have been made upon suspension insulators of 
various spacings and diameters in the vertical position. . 
(A.I.E.E. Standard 41-150, 151.) Insulators.tested are: 

1. Standard strength cemented 10 in. diameter, 434 
in., 54 in., 534 in. spacing. | | | 

2, Peo: strength cemented 10 in. diameter 5 34 in. 
spacing. - 

3. Extra high strength cemented 12 in. Diorecien 7 (in. 
spacing. 

4. Hewlett insulators 104% in. diameter 5 V, ii 
spacing. 

The 60-cycle dry and wet flashover values of. ton. 
cemented type suspension insulators of all standard 
spacings are shown on Fig. 1, plotted against actual 
arcing distance, the shortest air path between electrodes. 
All dry values regardless of the insulator spacing, fall 
upon one graph within expected errors of observation. 
The wet values are affected slightly by design. 

The characteristics of the high strength and extra 
high strength insulators are shown in Fig. 2. The graph 
for dry measurements is identical with that for the 
standard insulators, Fig. 1. The wet values again show. 

variations due to design. : 

The characteristics of Hewlett insulators are shown in 
Fig. 8. Again the graph. for dry values is the same as 
that of Fig. 1. 

Dry arcover values, therefore, for all standard i insu- 
latorsdepend solely upon theminimumarc length ortight 
string distance about the insulators. The wet values 
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are affected by | esign. In general, insulators with the 
greatest clear arcing distance between shells show the 
highest wet values. The remarkable field performance 
of insulators with fish tail shaped hoods even in dirty 
locations suggests that insulators should not be judged 
as much by wet values as by dry. The dry arcover 
values are measurably affected by the proximity of 
grounded objects in the neighborhood of the insulator 
‘string. This is shown by the double graph at the upper 
end of the dry curves. The upper graph was obtained 
with clearances at least twice the length of the insulator 
string. 

The wet values of Figs. 1, 2, and 3 are plotted as a 
function of the overall are length. The most usual de- 
sign basis is as a function of the wet striking distance 
or the summation of the air gap distances beneath 
the insulator oan the wetted surfaces above are 
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_ short-circuited out by the water. film. A more satis- 
factory check is so obtained as shown on Fig. 4. 

Errors of individual observations and minor differ- 
ences due to slight variations in manufacture are re- 
moved by obtaining insulator data from the above 
curves. Expected dry and wet arcover values of various 
standard and high strength insulators are given on Figs. 
d, 6, and 7, plotted.as a function. of the number of units. 
in the string, calculated from Figs. 1, 2, and 3. 

Standard and high strength cemented insulators were 
tested also in the anchor:position at an angle of about 
10 degrees from the horizontal. The dry and wet values 
obtained also are shown upon Figs..5, 6, and 7 in com- 
parison with the arcover values for the vertical suspen- 
sion insulators. The dry values are materially lower 
than for the insulators in the vertical. Wet: -arcover 
values are much higher in the horizontal than in the 
vertical. When the entire surface of the insulator is 
uniformily wetted a better voltage division between 
insulator units is obtained with the resultant higher 
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NORMAL FREQUENCY ARCOVER VALUES OF INSULATORS 


voltage necessary to cause surface breakdown. The wet 


values in the horizontal are actually equal to, or in some 
cases with long strings, higher than the dry values in 


the horizontal. | 
Most of the tests in the horizontal were made without 


a Jumper loop under the string or a conductor at right | 


angles to it. Insulators in the horizontal position with 
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the conductor at right angles showed dry values materi- 
ally higher than without it, yet not equal to the values 
obtained for the vertical suspension insulators. 

PIN TYPE (TRANSMISSION) INSULATORS 


Standard pin type insulators show fairly uniform are- 
over values in proportion to the distance between elec- 
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trodes as shown upon Fig. 8. The small contact area of 


tie wires upon the porcelain causes heavy dielectric flux 
concentration upon the tie wires with resultant active 
corona streamer formation at voltages near arcover. 
Observed data show least uniformity of any of the insu- 
lator types because of the erratic action of these stream- 
ers. The results of this are shown in the above tabula- 
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tion of eae data and may be seen later on in the 


humidity studies. The dry flashover voltage per inch 


varies from 14 ky. for the small one piece and the 
smallest multipart insulators. It thence drops at a 
fairly uniform rate to 11.4 kv. for the largest multipart 
insulators nominally rated at 70 kv. For the single 
piece insulators the wet arcover value i is uniformly 7 kv. 
per inch of total striking distance. A higher value is 
obtained for the standard multipart designs which are 
quite uniform at 8.9 kv. per inch of total distance. It is 
most interesting that more consistent comparisons are 
here obtained on the basis of total striking distance 
rather than wet striking distance. The low values for 
the small one piece insulators are due to the large pro- 
portion of wetted surface to the total striking distance. 


OUTDOOR APPARATUS. INSULATORS 


Outdoor apparatus insulators are pin types modified 
by adding cemented-on caps for attachments. In com-' 


parison with pin types these insulators show less varia- 
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tion between individual observations. The greater con- 
tact area of the cap causes less flux concentration and 
less corona’ streamer formation at voltages below 
flashover. | 


Fig. 9 for dry values covers single and deatled: or 


multiple unit insulators to a height totaling 116 inches 
dry arcing distance. The lower part_of the curve is 


practically the same as for pin types. The value at poe 


inches of height is 7.3 kv. per inch. 
The wet values plotted against total arcing Gita 


| show considerable variation but less when plotted 


against the wet striking distance. Both graplis are 
shown on Fig..9._ 
eae BUSHINGS, SOLID TYPE > 


The performance of porcelain equipment bushings 
(not oil filled) is shown in Fig. 10, for ratings from 7.5 to 


69 kv. The field established about the bushing deter- 
‘mines the dry values. It is important that the conduc- 


tor be in place inside the insulator as it will be in service. 
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Much higher values will be obtained without it. The 


‘wet values, however, are the breakdown voltages for 


the water film upon the surfaces. For the larger bush- 
ings the wet value is ee the dry. 
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HUMIDITY EFFECTS — 


The effect of humidity upon the dry arcover voltages 
of insulators may be compared on several different 
bases: 

A comparison of flashover values on the basis of per 
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10 in. diameter, 51/3 in. spacing 


cent humidity is not satisfactory, for it alone does not 
account for the total quantity of water in the air. 
A comparison on the basis of absolute humidity or 


mass of water per unit of air volume may be satisfactory, 


but does not account for the molecular activity of the 
water. 
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A comparison of flashover may be made on the basis 
of water vapor eae in some convenient units such 
as the barometric method, inches of mercury: This not 
only accounts for the number of water molecules pres- 
ent, but their velocity as well. 

_ The water vapor pressure as the standard is recom- 
mended by A.I.E.E. Standards (41-100). All observa- 
tions in the Locke Laboratory have been compared 
upon this basis. 

_ No difficulty has been experienced in maintaining the 
laboratory at standard temperature (25 deg. cent.—77 
deg. fahr.), during the cold months. The laboratory is 
not equipped to reduce the temperature below that of 
the outside atmosphere. All tests made during the 
winter are at the standard temperature and with hu- 
midity adjusted as desired. In warm weather tests were 


made at the outdoor temperature and humidity some- 


te 
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times as high as 99 ‘deg. fahr., and 85 per cent sade 
humidity. 

The effect of humidity upon the dry flashover of 
standard suspension insulators is shown in Fig. 11. 
Average dry flashover curves have been drawn for 
strings of various numbers of units. By plotting upon 
semi-logarithmic paper equal ordinate distances give 
equal percentage variations. It is thus easy to compare 
percentage corrections for different strings and percent- 
age variations from the average of individual observa- 
tions: 


- The slope of all these average graphs is practically the | 


same. When referred to 100 per cent at: the ‘standard 
water vapor pressure, 0.608 inches mercury ‘the cor- 
rection at 0.2 inches mercury is — 8 per cent. ‘The cor- 
rection, therefore, is approximately 2 per cent for each 
0.1 inch of mercury variation of water vapor pressure. 
The points of observation would be enclosed within 
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an aiivalone of plus and minus 5 per cent from the curve 
of averages. __ 

It, therefore, follows that even with the correction for — 
humidity variations a variation of plus or minus 5 per 
cent in flashover values of Stet insulators must be 
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expected. The insulators used were the same through- 
out the entire test. 

The effect of humidity on flashovers of typical pin 
type transmission insulators is shown in Fig. 12. But 
one insulator of each type was tested. Variations 
shown are not due to manufacturing variations in dif- 
ferent insulators. The individual observations fell 
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within an envelope of plus or minus 6 per cent, the 
broadest of any insulator type tested. The variation in 
flashover of all insulators between vapor-pressures of 0.2 
and 0.608 is about 12 per cent. Frequently in testing at 
standard temperature with relative humidity above 65 
per cent, erratic performance and marked fall in flash- 
over was observed. A typical example is shown for the 
2¢ kv. rated insulator. This is believed to be due to the 
formation of invisible water film upon the surface of the 
insulator at these higher humidities. 
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Fig. 18 shows the effect of humidity upon typical out- 
door apparatus insulators. The-points of observations 
shown upon these graphs in comparison with those for 
the pin types, a 12, show me more stable perform- 
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ance. This.is due to absence of corona streamers. as 
already discussed. The variation from the average 
curve is not. over plus or minus 5 per cent. The cor- 


rection for the humidity effect is less than for pin types. 
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10 in. diameter, 534 in. spacing 


It is 8 per cent between vapor pressures of 0.2 -and 
0.608, the same as for suspensions. Points at the 
upper right hand ends of these graphs are for tempera- 
tures well above standard, yet falling closely upon the 
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same graph, indicating that comparison on the basis 
vapor pressures is quite satisfactory. 

A most interesting observation upon an apparatus 
insulator of the multiple unit type for stacking is shown 
in Fig. 14. The correction for humidity is the same for 
this insulator as for the other apparatus and for the 
suspension insulators, 8 per cent from 0.2 to 0.608 inches 
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mercury water vapor. pressure. The variation of ob- 
servations from the average for the three and six unit 
stacks falls within an envelope of plus or minus 5 per 
cent. Fora single unit, however, the variation is nearly 
plus or minus 10 per cent. This checks observations 
upon other insulators such as the tall apparatus and the 
suspension insulators, indicating that for great lengths 


a 
zo ; 
we WO 7 Oo OO 
2 en 
ge 8 : 
a2 > 600 . a 
500 2 ee AUNITS 17” DIA. X 14 Yo" HT. ee Sa) teeeaidt Oo 
400 as a so ee g 
Z 
m 
i oes re 
> 300 Zz 
ter = 
0 Q 66S i 
<3 200 = 
ce + eS 
> < 150 eG | 34,5 f 
O 338° J 
7p) 
Z 


iO 0: 02 03 04 05 06 OF O8 a9 
VAPOR PRESSURE,INCHES OF MERCURY 


O—OBSERVATIONS AT 77°F, 
ne i ABOVE 77°F, 
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the percentage variations are somawhat less and the 
performance of the insulators more stable. 

The performance of porcelain equipment bushings 
with varying humidity is shown in Fig. 15. . The cor- 
rection for humidity with these bushings is the same as 
for all others except the pin types. 

A tabulation has been made, summarizing the above 
data as follows: 
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TABLE I 


5) 


- Dry value 
Are length 
Kilovolts . 
Insulator type , ; Inch 
‘Suspension: 
0 to 100 in. 
Bianca rdycementedy sc chs-. cena 30 eh kem eee ete oe 10.5 to 9 Btiiews 
High strength cemented............0. 0.00 ccc cece, 200500; 90 eek 
Hewloty tat diskeiss3ks «ase ooo A eee Ae chy bene 10.5:to°9 § s... 
Hewlett fish Ue Ea rarie setl Su Me ex Meehan hee deere 10:540.9, i.c. 
Lote 
Pin types 
Small Ge TE OE Oreiisitaen aie Binds Me midjemys 4k Ue Sew ae Ete 14 tea 
Multipart SiGe) 9 Gas Main Arb Fe A Mie ual Aa Re idieantee wieaee aan 14 to 8 eer 
Apparatus insulators.................. Pe es ee TE 00: Be es 
0 to 110 in. dry arcing distance . 
Equipment bushings ; 
ROUG DYE Hs von s os his as ashuis Sepoe ov SaaS tee ad Ox 13.6 to 6.75.... 
WWD Dare CONG UCtOR)) wea we sees nea ce vps «sau Bas 12.4to 6.1..... 


‘EFFECT OF SURFACE CONDITIONS _ 


In an effort to determine how the above rules for insu- 
lator flashover might be affected by surface conditions, 
representative insulators were exposed above the smoke 
boxes of a battery of beehive kilns for a period of several 
months. The surfaces of these insulators at the expira- 
tion of this period were thoroughly covered with a dirt 
deposit consisting largely of carbonaceous material 
mixed with a certain amount of clay dust and ordinary 
floor dirt. The coating was rather hard, due to the 
baking action of the heat from the kilns. 

Other insulators of exactly the same type were 
thoroughly coated with a salt crust by spraying with a 
concentrated salt solution and allowing to dry. 

The insulators were then flashed over, first clean and 
dry, then salt coated and dry, and finally dirt coated and 
dry. Tests were repeated with the insulators in a steam 
chamber filled with steam at approximately 100 deg. 
temperature to simulate fog conditions. Finally some 
of the insulators were tested under A.I.E.E. Standard 


Wet Flashover Test. The results of the tests are shown - 


in the following tabulation. 


Where two figures are given above first applies to small insulators, second to the largest with fairly uniform steps in between, except as noted as erratic. 


Wet value Wet value 
ae Se Pe ie 


Arc length Wet striking distance 


Kilovolts Kilovol ts Humidity correction per 
SS ———_ 0.1 in. mercury water 


Inch. - Inch vapor pressure 


neon is @ | POIGIS: 5 <.4i545 Seve Ssidersa selise2 ania heghee percent 

ae ae t MPCYSrcacvnnckeue 1440 1086 

Alas 7.5 

eee | 6.5 

er eee 7.0 Binds Acne dente Wok tote Roe ee oe Nae ee 

Seana ae 8.9 - ca ch Paden CUEPAUC) Geo. ak eer ae “s 

ie sae iS BOO B87 coe Soe, NOIR OD A. Moe hes! a“, 
(Erratic) : : 

Rate: 8.3 PY ig seed Sieh Sines’ gaeths oes ee sh “ 

wih toe aia 8.3 


It will be noted that there is very little reduction in. 
the dry flashover of the insulators when dirty. Dry 
tests on the salt coated insulators were-made at two 
humidity conditions. The first group of tests yielding 
the higher values in the tabulation were made at ap- 
proximately 77 deg. dry bulb temperature, 65 per cent 
relative humidity. The second group of tests made at 
approximately 77 deg. dry bulb temperature and 79 per 
cent relative humidity gave flashover values materially 
lower, probably due to the absorption of water by the 
salt, at this relative high humidity. At the lower hu- 


‘midity the dry flashover of the salted insulators is nearly 


the same as that of clean insulators. : ? 
When subjected to artificial fog the salt coated insula- 


tors showed in most cases very marked decline in flash- 


over. . The flashover of the dirt coated insulators Was 
also decreased but not so severely. ' } 


In a further effort to study the effect of surface con- 
ditions on the flashover of insulators, other insulators 
were hung on the roof of the laboratory for a period of 
one year, each insulator being flashed over approxi- 
mately once a month. Since the laboratory is in a heavy 
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: Dry 
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Fic. 16—FLASHOVER oF Dirty INSULATORS AS A F'UNCTION OF 


FREY AND HAWLEY 


Meeieaatiene Hele Boke 


industrial district the insulators were subjected to soft 
coal smoke and industrial gas fumes. The results of the 
tests over a period of one year are tabulated. All flash- 
over measurements were made at a time when the insu- 
lators were apparently thoroughly dry. 

These tests were, of course, made at such humidity 
and temperature as happened to be existing at the time. 
The points have been plotted on Fig. 16. It will be 
noted that the curves are identical with those of Figs. 11 
and 12. There are certain points on each of the curves 
which fall materially below the average. It is believed 
that in these cases the dirt film on the surface was very 
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Fic. 17—PsycHRoMETRIC CHART 


From Smithsonian Meteorological Tables, .Barometer = 30.00 in. Hg. 


slightly moistened. Since most of the tests were made 
in the morning it is quite possible that in ‘these cases 
there was still a certain amount of invisible dew remain- 


_ ing on the surface of theinsulators. , 


CONCLUSIONS 


The relations found between arcing distance and in- 
sulator flashover and between humidity and insulator 
flashover are indicated in the foregoing curves and 
tabulations. At very-high relative humidities there is in 
some cases a scattering of test results with points falling 


Humiprry below the humidity curves. This is believed to be due 
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to the precipitation of a fine moisture film on the surface 4. Lightning arresters at the substation end of ike | ee - | . 
of the insulators. cable limit the voltage on the pothead and the regulator: C h aracteristics of , Surg C Generator S [ Or 


Throughout the common range of temperatures (20 . and, acting in combination with the cable pole and the 


to 100 deg. fahr}) the relation between vapor pressure bus arresters, they will limit the voltage in -the cable 


(expressed in manometric inches of mercury) and abso- 
lute humidity (expressed in grains per cu. ft.) is such 
as to make no practical difference which of them is used 
as the basis of measurement. | 

The same humidity corrections are applicable to dry 
dirty insulators as toclean insulators. 3 

Dry dirt only slightly lowers the flashover of insula- 
tors. A small amount of moisture greatly reduces the 

flashover of dirty insulators, particularly if the dirt is 
of a saline nature. ) 
At high relative humidities the flashover of salt 
coated insulators is materially reduced due to absorption 
of water by the salt. : : 
Insulators can be checked for flashover from data 
given in Table I which also gives humidity correction 
factors. Deviation of individual flashover voltages 
from the average are not fully explained by humidity 
variations alone. After correction for humidity has 

been made a variation of about plus or minus 5 per cent 
remains In some cases. 35 

Nore: Vapor presstires may be obtained from baro- 
Metric and dry and wet bulb thermometer readings 
with the assistance of the Smithsonian Meteorological 
Tables from which Fig. 17 has been drawn. 

_From this vapor pressures may be obtained with 
sufficient accuracy for the purpose. 


Collins, Piepho & Torok—- 
Concluded from.p. 965 


3. Low-voltage lightning arresters shunted across 
the regulator series windings operate in series with the 
bus arresters and limit the rise of voltage on the line 
side of the regulator to-the sum of the breakdown 
voltages of these two sets of arresters. 


to the drops across the arresters. 
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Montsinger & Dann-- Concluded from 
966 


should correspond to the test which the transformer wil] 
receive, in accordance with the relation between test 
and gap spacing given in a. oe 

2. The Recommendations for Coordinating Trans- 
former Insulation with Line Insulation in the Field, 
included in Part II of the Montsinger-Dann paper of 
June 1930, will be eliminated from the recommenda- 
tions of the subcommittee. These recommendations in- 


volve the three methods of coordinating transformers 


with line insulation referred to in the opening para- 
graphs of this report. The coordinating gap referred to 


in (1) replaces the eliminated recommendations and 
serves the following purposes: 

It establishes the standard of impulse strength re- 
quired in the design of a transformer. 

In practise it limits the magnitude of incoming surge 
voltages to values less than the impulse strength of the 
transformer, thereby establishing coordination. 

A lightning arrester may. be used in. conjunction with 
the coordinating gap to prevent system outages. 
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‘Transformer Testing 
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Synopsis.—The requirements and limitations of surge generators 
Sor transformer testing can be summed up as follows: 

The voltage that can be obtained is, in the first place, largely deter- 
mined by the capacity of the surge generator when the capacity of the 
transformer is great. : ; 

If a wave ts desired without superimposed oscillations, at 4s neces- 
sary to insert resistance within the generaior. The front of the surge 
then depends wpon the inductance of the generator and the capacity 
of the transformer. This is a matter inherent to all surge generator 
test cercutts. Thus, in general, waves of very steep front cannot be 
obtained with large transformers. ; : . 


- INTRODUCTION 

T is the purpose of this paper to consider the charac- 
| teristics of surge generators: in relation to their 
application to the surge testing of electrical appara- 
tus, particularly transformers. Previously, surge testing 
has been mostly confined to gaps, insulators, bushings 
and similar insulation structures. Since the surge test- 
ing of transformers has been shown to be desirable, 
the characteristics of surge generators in testing trans- 
formers become of-great interest, particularly in the 

formulation of standards or rules for such testing. 


CIRCUITS oF SURGE GENERATOR AND TESTED 
. APPARATUS 


~ 


The surge generator consists of a bank of condensers 


or a bank of groups of condensers, each condenser or 


group charged in parallel to a given potential and all 
condensers or groups discharged in series through gaps 
into an external resistance or series of resistors.? In the 
circuit diagram of Fig. la, these primary circuit ele- 
ments are simply represented as a lumped surge genera- 
tor capacity C,, charged at potential EZ, and suddenly 
discharged through the gap or gaps G into the load or 
discharge resistance R. An inductance L, is inevitably 
entailed in the condenser bank circuit and in leads con- 
necting to the load resistance, also in leads connecting 


_to tested apparatus. Likewise, a resistance R, is present 


in the condenser bank circuit, connecting leads, etc., 
and, for reasons explained below, this resistance is pur- 
posely increased and adjusted to have a given proper 
value. Furthermore, the condenser bank structure and 
the accessory apparatus of the generator (spheres, leads, 


_ insulator strings, etc.) all have capacity to ground. 


This leakage capacity to- ground may, for engineering 
purposes, be considered as a lumped capacity C 2. Thus, 
the circuit diagram of Fig. 1b represents in simplified 


*Westinghouse Hlectric & Mfg. Co., Sharon, Pa. 

1. For references see Bibliography. 

Presented at the Summer Convention of the A.I.E.E., Cleveland, 
Ohio, Tune 20-24, 1932. , : 


Further, the inserted resistance also limits the voltage by an amount 
dependent on the proportion of this resistance to the load resistance. 

For transformers of low inductance; the length of the wave obtained 
ts largely determined by the capacity of the surge generator. This 
resulis in a requirement of large generator capacity if very long waves 
are to be produced. 

If the lead between the transformer and generator 7s appreciably 
long, other oscillations will be set up which are highly damped but are 
appreciable at the generator end. These oscillations occur on the 
front of the wave only, and will be prominent when measurements are 


taken at the surge generator. ‘ 


‘ 


form the equivalent circuit ‘of the surge generator 
proper. : 
_ Apparatus tested, such as bushings, insulators, gaps, 
etc., are in effect lumped capacity loads. In case the 
apparatus connects to the generator through a: short 
lead, the diagram of Fig. 1b also represents the equiva- 
lent circuit of the generator with load. The capacity 
Cr is the load capacity; Cy represents the leakage ca- 
pacity to ground of the generator combined with the 
load capacity. 

Transformers and similar inductive apparatus intro- 


duce other elements in the test circuit of the surge gen- 


(b) 


Fie. 1—Circurr DiaGram oF SurGE GENERATOR WITHOUT 
LoaD AND WITH Capacity Loap 


erator, with resultant modifications in the surge gener- 
ated. In the case of transformers with substantially 
uniform voltage distribution, the equivalent circuit of 
the transformer consists in effect of a capacity Cr 
shunted by an inductance Ly. The total load capacity 
due both to the surge generator and the transformer 
may be considered lumped in a capacity Cz, as shown 
in the circuit diagram of Fig. 2. Surge testing is also 
applied to transformers in which the voltage distribu- 
tion departs from uniform.! The equivalent circuit of 
these transformers may be represented in simplified 
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